In this paper we study nilpotent derivations of semiprime rings. An associative derivation d: R --t R is an additive mapping on a ring R satisfying ~(xJ?) = d(x) y + xd (y) for all X, y E R. A derivation d: R -P R is called inner if d= ad x for some XE R, where ad x(v) = q -Y-X. It is proved that for a semiprime ring R, a nilpotent derivation d (with index of nilpotency depending on characteristic) has an extension to the inner derivation and is induced by a nilpotent element of the endomorphism ring End(l,, IR), where I is an essential ideal of R. This is a generalization of some known results due to Kharchenko, Martindale, Chung, and others.
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INTRODUCTION
Let R be a semiprime ring and let & denote the set of all two-sided ideals of R with zero annihilator. Equivalently, .& consists of those ideals of R which are essential as left (or right) ideals. In the case R prime FR is simply the set of all nonzero ideals of R. For an ideal ZG~# the ring E(Z) = End(Z,, ZR) of right R-module endomorphisms of I is a semiprime ring and R 4 E(Z) via the map a -+ Q,, where a, is the left multiplication by a acting on I. Moreover, there is a natural embedding of E(Z) into the Martindale ring of right quotients Q,(R) = lim,,, Hom(J,, RR). Each derivation d: R -+ R leaving Z invariant has a unique extension to a deriva-
for fe E(Z) and XE I. A derivation d is said to be E-inner if there is an ideal ZEY~ and GEE such that d= adf: It is clear that every E-inner derivation is X-inner, i.e., inner in the Martindale ring of quotients.
In [9] I. N. Herstein proved that if (ad a)"(x) = 0 for all x in a simple ring of characteristic zero then there exists a scalar i such that (U-A)" n+1)'23 = 0 W S. It is the main purpose of this paper to extend these results to semiprime rings with a minimal restriction on characteristic. We give a sufficient condition for a nilpotent derivation to be E-inner and induced by a nilpotent element. In particular, we prove that a nilpotent derivation d on a semiprime ring R 
MAIN RESULTS
We begin with some elementary properties of E-inner derivations. The following lemma will allow us to reduce the problem to semiprime rings of special type. We say that the ring R is m-homogeneous (n-homogeneous) if for each nonzero ideal Z ad R, m(Z) = m(R) (resp. n(Z) = n(R)). A nonzero ideal Z ad R will be called m-homogeneous (n-homogeneous) if Z is m-homogeneous (resp. n-homogeneous) as a ring. Rings (ideals) which are m-and n-homogeneous will be called homogeneous rings (ideals). The following proposition and Lemma 1 will allow us to reduce the problem to homogeneous rings. (ii) each I, is Z-torsion free or has a prime characteristic.
Proof By Lemma 2 we can choose a maximal independent set {I, 1 w E Q} of homogeneous d-ideals of R. Moreover, since every ideal of positive characteristic contains an ideal of prime characteristic, we can assume that each I,, is Z-torsion free or has a prime characteristic. The annihilator of a d-ideal is also a d-ideal, so by maximality of {Z. / w E Q}, by the semiprimeness of R, and by Lemma 2 condition (i) holds. 1
To obtain the main result of this paper we also need the following A well-known result of L. 0. Chung and J. Luh [4] states that the index of nilpotency of a nilpotent derivation on a semiprime ring of characteristic 2 is a power of 2. Moreover, in [2] it was proved that if char R = p > 2, then n = n( R) is of the form n=a,p"+a,+,p"+'+ ... +a,$, where 0 <s < 1, a, are nonnegative integers less than p, a,, is odd, and s + i, . . . . a, are even. In the case when char R = p > 2 and p does not divide z(R), the number m(R) is uniquely determined by n(R). For all aEA and xeR we obtain
Now we will use the 1
Following well-known result on binomial coefficients (see [6] 
